340.
NOTE AS TO THE APPLICATION OF THE PRINCIPLE OF
DYNAMICAL SIMILARITY.
[Report of the Advisory Committee for Aeronautics, 1909-10, p. 38.]
MB LANCHESTER has discussed the application of the principle of
dynamical similarity to the problem of the resistances experienced by a
plane plate immersed in a stream of fluid. A year or two ago I communi-
cated to Dr Stanton a somewhat more general statement which may be found
to possess advantages. We will commence by supposing the plane of the
plate perpendicular to the stream and inquire as to the dependence of the
forces upon the linear dimension (I) of the plate and upon the density (p),
velocity (v), and kinematic viscosity (z>) of the fluid. Geometrical similarity
is presupposed, and until the necessity is disproved it must be assumed to
extend to the thickness of the plate as well as to the irregularities of surface
which constitute roughness.
If the above-mentioned quantities suffice to determine the effects, the
expression for the mean force per unit area normal to the plate (P), analogous
to a pressure, is
P=^./OM)>.................................(A)
where/is an arbitrary function of the one variable v/vl.
It is for experiment to determine the form of this function, or in the
alternative to show that the facts cannot be represented at all by an equation
of form (A), It is known that somewhat approximately P is proportional to
fl3, and again that it is independent of I. If either of these approximations is
supposed to hold good absolutely, it follows that / is constant, in which case
P is independent of v, or conversely if P be independent of v, f must be
constant.
The form of / may be determined by experiments in which v is varied
while I and v are constant, or again by varying I while v and v are constant.
A^third method, not, it would seem, hitherto applied, is to vary v keeping